We consider a three Higgs doublet model with an S 3 symmetry in which beside the SM-like doublet there are two fermiophobic doublets. Due to the new charged scalars there is an enhancement in the two-photon decay while the other channels have the same decay widths that the SM neutral Higgs. The fermiophobic scalars are mass degenerated unless soft terms breaking the S 3 symmetry are added.
I. INTRODUCTION
Recently a new resonance which is compatible with the Higgs boson of the standard model (SM) with a mass of 125 GeV has been discovery at the LHC [1] . As is well known in the context of that model, nothing constraints the number of fermion generations although, since the LEP data, we know that there exist only three sequential generations of quarks and leptons. This triplication may also exist in the scalar sector since here again, nothing constraints the number of Higgs scalar multiplets and, in particular, the number of Higgs doublets is a free parameter in the model, although one of them is enough to accommodate vector and fermion masses and their mixing. In this vain the multi-Higgs extensions of the standard model are among the most motivated new physics scenarios. Generally these models have scalar mediated flavor changing neutral currents. Even in the simplest case, the two-Higgs doublet models, have several possibilities to control those effects [2] . ThreeHiggs doublet models [3] have not been considered with the same details as those of the two-Higgs doublet case. This is not a surprise since in this case the analysis of the scalar potential is much more complicated. However, discrete symmetries may simplified the scalar potential, for example the A 4 symmetry has been considered in Ref. [4] . Recently, it was shown that the S 3 symmetry is very efficient to constraint the scalar potential allowing to obtain the mass spectra and the matrix which diagonalize the mass square matrices [5] . The symmetries for the two-Higgs doublet model was obtained in Refs. [6] and in the case of three-Higgs doublet models in [7] .
If one or more extra Higgs doublets do exist in Nature it seems that their existence is due to some reason that allows to explain something else that could not be explained by the minimal model, i.e., with only one Higgs doublet. On one hand, it is possible that extra scalars may explain the mass spectra and mixing in the fermion sectors [8] , or on the other hand, it is possible that the extra Higgs doublets may help to understand the observed dark matter. In the latter case the extra Higgs bosons have to be of the fermiophobic type [9] .
The fermiophobic Higgs boson is defined as: all the fermion couplings to the Higgs boson are set to zero and the bosonic couplings are the same as in the standard model. This in fact has been already considered in the case of one fermiophobic doublet-Higgs model [10] . Here we will consider the LHC phenomenology of the three doublet model with S 3 symmetry [11] which was put forward in Ref. [5] and which has two fermiophobic doublets.
The outline of this paper is as follows: In the next section we review the main feature of the three scalars model. In Sec. III we give the interactions of the model. In Subsec. IIIA the Yukawa interactions, in Subsec. IIIB the gauge interactions while in Subsecs. IIIC and D we write down explicitly the trilinear interactions. In Sec. IV we show the decay rate into two photon of the SM-like neutral scalar. We devote Sec. V for our conclusions. In the Appendix A we show how the mass spectra are modified if we add soft terms to the scalar potential.
II. THE SCALAR SECTOR
Let us consider an extension of the SM electroweak theory which consists in adding two extra scalars, SU (2) L doublets, with Y = +1. The three scalar doublets are in a singlet S and a doublet D of
where:
and denoting H + i denote the charged scalar symmetry eigenstates and h + i the respective mass eigenstates, we have H
In model A the SU (2) doublets can be written in terms of the mass eigenstates using the mixing matrix em Eq.(5), resulting in:
However, in model B the mass matrices are diagonal, i.e. there is no mixing in each charge sector. In general, the eigenvalues are equal to those in Eq.(6) for CP even sector, Eq. (7) for CP odd sector and Eq.(8) for the charged scalar sector, respectively.
Notice that the mass degeneracy in the fermiophobic sector is a prediction of the S 3 symmetry but there may be accidental mass degeneracy with the SM-like Higgs boson too.
The possibility that two mass degenerated Higgs bosons with mass near the 125 GeV has been discussed in literature [12] [13] [14] [15] [16] . The main difference with the present model is that two of the Higgs doublets are fermiophobic, they do not interact with quarks or leptons at tree level. On the other hand, they can be produced in accelerators like the LEP by the Higgstrahlung mechanism e + e − → Z * → ZX or in hadronic colliders→ V V → X where X denotes any neutral scalar. Moreover, since they are fermiophobic scalars they do not decay into fermions and they behave as invisible Higgses. Bounds on the masses of femiophobic Higgs boson in the diphoton decay channel exclude this sort of scalars in the ranges 110-118 GeV and 119.5 and 121 GeV [17] . This is the case of the fermiophobic Higgs in the present model. Moreover, the decay ZZ → 4l is exactly the same as in the SM since only one of the neutral scalar (the one which is not fermiophobic, h 1 ) contributes to these decays.
III. INTERACTIONS A. The Yukawa sector
The Yukawa interactions are equal in both models when vacua are aligned as before. Only one of the doublets interacts with quarks and leptons and the other two are fermiophobic doublets. In the lepton sector all lepton fields transform as singlet under S 3 and for these reason they only interact with the singlet S:
where the prime fields denote symmetry eigenstates which are written in terms of the mass (unprimed) fields by using unitary matrices:
The Yukawa interactions written in terms of the mass eigenstates are:
where we have defined
Similarly, all quarks fields are singlet under S 3 , hence as in the lepton case, they only interact with the singlet S:
and using
we write the Yukawa interactions in terms of the quark mass eigenstates
AboveM denotes diagonal mass matrices in the respective charge sector.
As in the standard model the masses and the V CKM and V P M N S mixing matrices can be accommodated but their values are not explained.
B. Gauge-scalar interactions
In this sector, when the scalar doublets are written in terms of the mass eigenstates, only one of the scalar doublets contribute to the vector boson masses as in the SM. The
where S, D or H i are symmetry eigenstates. Using the first line and the fields in Eq. (9) and (A5), we can write the Higgs scalar gauge interactions in terms of the mass eigenstates:
where
T , i = 1, 2, 3 are the SU (2) doublets written in terms of the mass eigenstates. We have omitted the mass term, i.e., the VEV in h 1 . The covariant derivative D µ is the same of the standard model.
C. Trilinear Interactions in model A
The trilinear interactions in model A with or without the soft terms (see Appendix A)
are as follows
In the same way for the second scalar, we have
Note that the vertex with h
does not exist. Finally, for the third scalar
and in this case, the vertex with h In model B without the soft terms we have the following trilinear interactions:
and
In the neutral sector (up to a factor v SM /2) 
With soft terms
In model B (see Appendix A) when the soft terms are included we have the following trilinear interactions:
and, up to a factor 
We see that model A differs from the model B only in the trilinear (and quartic but we have not shown they here) interactions. Model B also has difference scalar-scalar interactions depending if we add or not, the soft term to the scalar potential. Thus, those possibilities may be distinguished when Higgs self-couplings are measured at the LHC [18] .
IV. RESULTS AND DISCUSSIONS
We can explore the phenomenology associated to the Higgs sector of this model under some basic assumptions. We are going to consider only the model A in this section without soft terms added although they do not modify our results. If h 0 1 is the SM-like Higgs boson, it mass has to be near 125 GeV, it implies λ 4 = 0.26. From Eqs. (6)- (8) we obtain typical values of the scalar bosons masses in both models, respectively. We can evaluate the decay channels of the neutral CP-even Higgs h The solid lines correspond to the combined experimental value R γγ = 1.66 ± 0.36 [19] . An excluded area is found around 260-355 GeV.
Higgs mass spectrum which is parameterized in terms of λ 5 , λ 6 , λ 7 , µ 2 d in the model A. On the other hand, the fermiophobic Higgs fields h 2,3 only interact throught the trilinear terms already mentioned and if we assume these Higgs bosons with a mass bigger than 125 GeV then they only are going to contribute to the h → γγ and h → γZ. It is interesting the h → γγ decay because there is an excess of events above the SM predictions. We are going to focus on this decay mode because in the other decay channels there are not significant contributions respect to the SM expectations. It is useful to define a reduced signal rate R relative to the expected signal of the SM Higgs boson [19] 
where the first factor is associated with the production mechanism which in our case is mainly throught the gluon-gluon fusion and the second factor is the reduced branching fraction for the channel under consideration. In model A, the first factor will be one because there are not any new contribution from the fermiophobic Higgs bosons interactions to the Higgs production, the new Higgs bosons do not couple to the quarks. Therefore, R γγ is the reduced branching fraction. In the h (6) and (7) we have m h 2 = m a 2 .
model A parameters. In figure 1 , we have plotted the R γγ fraction versus the parameter µ d 
V. CONCLUSIONS
Fermiophobic Higgs fields only interacts with itself and to to other scalar and vector bosons or active multiplets, they have been called inert [21] or dark [22] Higgses and they may transform under the gauge symmetries of the SM in non-trivial way as doublets [9, 21] , or in a trivial way, i.e., singlets [23] . They have been considered as solutions to the hierarchy problem or/and as a good cold dark matter candidates [21, 23] . Here, we have build up an extension of the SM adding two extra doublet scalar and using a S 3 symmetry. There are two ways to build the singlet and the doublet of GeV, and at 99% confidence level in the mass ranges 110 − 124.5 GeV, 127 − 147.5 GeV, and 155 − 180 GeV [24] . Notice that in this case there is a small windows around 124.5-127
GeV. Hence, the constraints above are not directly applicable to the model considered in this work that has the usual Higgs doublet plus two dark doublets. However in the present model, fermions masses arise from the Higgs doublet which also contributes to the gauge boson masses but the latter particles also have contributions from the dark doublets.
Note that for the calculations performed in this work we consider that λ 6 = λ 7 = 0, since they do not contribute in the photon-photon loop, however, as a result of this assumption, the charged boson is lighter than the neutral boson, some values are shown in Table 1 .
As a consequence the neutral scalar is not a good candidate for dark matter. However, if we consider that good candidates for dark matter must satisfy the relation m 
